We predict a large cooperative effect involving two-atom two-photon vacuum Rabi oscillations in a highquality cavity. The two-photon emission occurs as a result of simultaneous deexcitation of both atoms with two-photon resonance condition 1 + 2 Ϸ a + b , where 1 , 2 are the atomic transition frequencies and a , b are the frequencies of the emitted photons. The actual resonance condition depends on the vacuum Rabi couplings. The effect can be realized either with identical atoms in a bimodal cavity or with nonidentical atoms in a single-mode cavity.
I. INTRODUCTION
High-quality cavities have led to the study of a new regime of radiation matter interaction viz. the study of strongly interacting systems. Several new phenomena such as vacuum Rabi splittings [1] [2] [3] [4] , collapse and revival of Rabi oscillations [5] , trapping states [6] , and systems such as micromasers [7, 8] have been studied. More recent applications on high-quality cavities are in the context of quantum computation [9] . Most of these works concern the interaction of the individual atoms. Earlier cooperative effects such as optical bistability involving a large number of atoms have been investigated [10] . A large part of these studies concerns the situations where the atomic transition frequency is almost equal to the cavity frequency. In this paper we report an unusual cooperative effect involving two atoms in a nonresonant cavity. This cooperative effect arises from the simultaneous deexcitation of two atoms such that the sum of the energies of emitted photons is equal to the sum of the excitation energies of the atoms. We demonstrate that in a highquality cavity the two-atom two-photon resonant effect could be large, thus opening up the possibility of a variety of nonlinear, i.e., multiphoton cooperative phenomena in nonresonant cavities. For this purpose the recent development on the trapping of an atom inside the cavity [11] should be especially useful. We bring out the origin of such large two-atom two-photon Rabi oscillations.
We start by noting that in a two-photon emission process the two-photon resonance between the excited state ͉e͘ and the ground state ͉g͘ would occur at a frequency given by eg =2, where eg is the atomic transition frequency and is the frequency of the photons emitted. The process proceeds via intermediate states ͉i͘, which are away from a single-photon resonance. Now consider an interatomic process involving two atoms with distinct transition frequencies 1 and 2 such that 1 − and 2 − are large so that individual emissions are not important. However, as shown in Fig. 1(a) , one can consider a two-photon emission process such that 1 + 2 =2. Clearly this would be a cooperative process as it involves two atoms. In addition, it should also be important as it is a resonant process. Let us then examine the transition probability for such two-photon emission. Let H + be the interaction responsible for the emission of a photon defined by the interaction Hamiltonian which is written in the form
Then second-order perturbation theory leads to the following expression for the rate of two-photon emission:
͑2͒
Note that surprisingly R c = 0, as the two-photon matrix element vanishes when 1 + 2 =2 as there are two paths for two-photon emission which interfere destructively. It has been argued that nonzero two-photon emission can result if we include interatomic interactions [12, 13] which, however, are important only if the interatomic separation is less than a wavelength. A remarkable demonstration of such two-photon cooperative effects is given in a recent work [14] using the methods of single-molecule spectroscopy. Similar results apply to the case of two-photon emission by identical atoms 
